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Abstract 


A detailed analysis of modelling and behaviour of the Buck-Boost conveiter is stud- 
ied The tiansfei functions are verified by simulation The fuzzy logic controllei is 
studied 111 detail. Equivalence between the Fuzzy Logic Conti ollei and the linear 
P.I controllei is established Two schemes for self-oiganisation have been proposed 
to tune the piocess output to several desired responses The i espouse of FLC foi 
a vaiiation m load, line and rcfcicncc value of volatge has been studied. The ic- 
sponse of the system with various auxiliary conti oilers along with the FLC against 
the vaiiation in load has been discussed. The Fuzzy Logic Controllei is used alone 
with vaiiable gam factoi against load variation 
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Chapter 1 


Introduction 


Foi iiulufatiial sysleni the piobleni of conti oiling a plant involves the deteimination 
of the niatheniatical model and the choice of an appropiiate controller Even if the 
model of the plant is not known or known inaccuiately, the fuzzy logic controliei 
can conti ol the plant The basis of fuzzy logic controller is the use of linguistic 
statements [1] The PID controller is a very common configuiation foi industrial 
control Howevei, the complexity of the plant makes the tuning of the controller 
difficult and often tiial & error is used The fuzzy logic controller, on the other hand 
IS easy to imiilcment and tune as it is based on the common sense undeistanding 
of the natiuo of the plant to be controlled [2], [3] Therefore it is worth-while to 
examine the equivalence between the two types of the controllers [4] 

The Buck-Boost converter can be modelled with good accuracy using diffeien- 
tial equations [7] However the design of a linear controller for different converter 
parameters and operating points requires elaborate calculations A significant ad- 
vantage of FLC IS the ease with which it can be implemented and tuned for different 
conveiteis [6] Also, the fuzzy logic controller is very flexible 

A significant problem in implementation of FLC is the choice of constants in the 
Rule Table These constants can be chosen by tnal and error using the simulation of 
the converter. However the self organising scheme is useful m arriving at the values 
of these constants staiting from arbitrary initial values e.g all zeros [8] The self 
oigamsing schemes can also be used to acliieve a desired output response obtained 
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fioin zcio state 

Auxillaiy controlleis can be mtioduccd m the system duimg tiansients along 
witli the mam controlloi to i educe the oveishoot and undeishoot in the output after 
any poituibation Tlie fuzzy logic allows us to implement such coiitiolleis in an easy 
mannei 


1.1 Organisation of the Thesis 

The detailed modelling and behaviour analysis of a Buck - Boost conveiter which 
IS taken as the piocess to be controlled has been given in Chapter 2 The following 
models have been derived 

• State space diffeiential equation model (Section 2 11) 

• Avciage state space equation and equivalent circuit (Section 2 1 3 &: Section 
2 1 4) 

• Small signal model and transfer function (Section 2 1.5) 

The usual assumptions of ideal switch and high switching frequency [7] have been 
made in deiiviiig above models. 

The detailed analysis of seveial types of fuzzy controllers has been given in 
chaptci 3. The equivalence of Fuzzy Logic Controller (FLC) with the lineai P.I 
controller has been studied in Section 3.2 Response of a 3 zone FLC, 5 zone FLC 
and with fuzzy output is also studied The 3-D control surface which gives the 
characteiistics of the controller is given in Section 3 9 

In Chapter 4 the self organising schemes using two different methods aie dis- 
cussed Rule Table is adjusted to match the different desired responses with diffeient 
initial conditions given as below. 

i Foi a given desired response 

• With some initial constants (Section 4 4 1 & 4.4 2) 



• with zeio initial constants (Section 4 4 3) 

• With unity initial constants (Section 4 4 4) 

2 Foi a desired step 

• with zero initial constants (Section 4 5 1) 

• with unity initial constants (Section 4 5 2 ) 

3 For a desired exponential 

• iMth zero initial constants (Section 4 61) 

• with unity initial constants (Section 4 6 2) 

The enter ion for stopping this process has been given in Section 4 8 

The performance of fuzzy regulators is discussed m Chapter 5 The response to 
load variation , line variation and reference voltage variation has been studied in 
Section 5 1, Section 5 2 and Section 5 3 respectively Section 5 4 describes the intro- 
duction of the auxiliary controller to improve the response of FLC during transients 
The following three auxiliary controllers are discussed m Section 5. 

1 Auxiliary controller based on the small signal model of the converter (Section 
5 4 1) 

2 Auxiliary controller based on the simplified small signal model of the converter 
(Section 5 4 2) 

i 

3 Auxiliary controller based on the d c gain (Section 5 4 3) | 

The following two auxiliary controllers have been dicussed in Section 5 5 and also 
shown to improve the response of the FLC 

1 Dual valued gain Auxiliary Controller (Section 5 51) 

2 Variable gam Auxiliary Controller (Section 5 5 2) 


Chapter 2 


Modelling And Open Loop 
Behaviour of Buck-Boost 
Converter 


Foi applying any control scheme the model of the process to be conti oiled should be 
known Tins chaptei jneseats the complete modelling of the Buck-Boost converter 
Section 2 11 picsents the dilfciential equation model of the conveiter Section 
2.1.2 gives the simulation of the conveitci and transient behavioui of the conveiter 
output voltage The state space average model has been given in Section 213 The 
equivalent ciicuit of the converter has been dciived in Section 2.1.4. Section 2 1.5 
gives the small signal model of the converter The transfer function between small 
signal capacitor voltage and small signal change m duty cycle D is given in Section 
2 16 Section 2 17 computes the tiansfer function between small signal capacitor 
voltage and small signal change m input voltage Vdc The open loop behaviour of 
the coiivcrtci for a step change m load resistance and duty cycle has been given in 
Section 2 18 and Section 2 19 respectively 


2.1 Buck-Boost converter 

The work presented here is based on a Buck-Boost converter shown in Fig 2 1 
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Figuie 2 1 Buck-Boost Conveiter 

When the switch S is on and diode D is off, the inductor L stoies energy through 
the supply voltage Vdc The capacitor discharges into the load R n and Tc are the 
inductor and capacitor senes resistances respectively This is called as Mode 
1 When the switch S is off and diode D is on the inductor L transfers its eiieigy 
while chaiging capactior C and supplying the power to R This is Mode 2 When 
the coiiveitci goes into discontinuous conduction then it enters into aiiothei mode 
called as Mode 3. In this mode the diode D is off and the inductoi curient becomes 
'zero before the cycle ends. Capactior C discharges into the load The diode prevents 
inductor curient from reversing 

2.1.1 Differential Equation Model 

The conveitei operates m 2 or 3 modes in one cycle during continuous and discon- 
tinuous opciation of the conveitei lespectively In Fig 2 1 r/ is the resistance of 
the inductor winding and fc is the equivalent series resistance of the capacitor and 
72i=R-f-7'c The switch S is operated periodically with duty cycle D Thus S is on for 
duration DT and off for duration (l-D)T . If Ii is continuous, the following equations 
and then solutions aic obtained. 



Mode 1: 


lu this mode S is on and 0 <t < DT 


Vc = 


-Vc 

RiC 


h 


= Vac- 


Tih 

L 


The above state equations give the following solution 


V; = V„e-^ (2 1) 

/, = — + (4 - — ( 2 . 2 ) 
u n 

wheie Vet &c It, aie the initial capacitor voltage and the inductor curient respec- 
tively 
Mode 2: 

In this mode S is off and diode D conducts and DT <t<T It is assumed that the 
LC ciicuit IS underdamped 






RiC 

L 


Rreh 


The above state equations give the gollowing solution. 


C4 


Vc = e‘'‘(ci COS wt' -f C 2 sm wt') 

(2 3) 

It = e°’‘(c 3 COS wt' + C 4 sin wt') 

(2 4) 

Cl — Vex 





C3 = hx 


■-( ^ R^L’ 


_i |_ a 4- ike. 

_ il.C + ^ RiL 





1.4 
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whcie Vci & /a aie the initial capacitor voltage and the indiictoi cuiient icspec- 
tively loi inode 2 Time t’ is given by t’= (t - DT) and therefoie 0 < t' < (1 - D)T. 
Mode 3. 

Foi discontinuous conduction there is an additional mode apart from mode 1 & 
mode 2 The time for mode 2, given above becomes DT < t <Ti where Ti is the 
tune when the inductor cuiient becomes zero Therefore capacitoi C discharges into 
the load and the diode D is off The state equations aie as follows 


v; = 


-Vc 

RiC 


/,=0 


The above state equations give the following solution 

y, = (2 5) 

/, = 0 (2 6 ) 

wlieio IS the initial capacitoi voltage for mode 3 and t” is given as t"=t-Ti and 
theieloie 0 < t" < {T - Ti). Foi simulation purpose the analytical solution foi 
conveiter given in equations (2 1) to (2,6) is used 


2.1.2 Simulation of the Buck-Boost Converter 

The buck-boost converter is simulated by its analytical solution given m Section 
2 1.1 The flow chart for converter simulation is given m Fig 2 2 The parameters of 
the conveiter are given in Appendix A. It is to be noted that the output voltage Vo of 
the coiiveitei is the averaged voltage over one time period T The transient vaiiatioii 
of the output voltage Vo of the converter starting from zero initial conditions with 
D=0 2 IS shown m Fig 2 3 The output voltage reaches a steady state value of 3 69V 
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Figmc 2 2. Flow chait foi ooiivcilci siniulaUou 
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Figuie 2 3 Tiansient Response of the Buck-Boost Converter 

2.1.3 State Space Average Model 

To study the small signal bchavioui of the converter, state space averaging and lin- 
earization aie the analytical approximation techniques that, allow switching legula- 
tois to be lepiesented as linear systems State space averaging allows the switched 
system to be approximated as a continuous but nonlinear system and linearization 
allows the resulting nonlinear system to be approximated as a linear system around 
an opeiatmg point The state space equation is of the form 

X = AX +BU 

wheie X is the state variable Piom the state equations given in Section 2 11 and 
V; and Ii as the state variables the system matrices are given as following 
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Mode 1: 



1 

■^ 1 ' 

or 

o 

1 


o 

1 

^1 = 


0 

B,= 



O 

1 

1 


1 

1 


Mode 2: 


i 

i-H 

1 

1 


1 

o 

RiC RiC 

^2 = 


(U _|_ 

1 L U ^ RiL! J 


1 

o 

1 


The continuous- time state space averaged representation is 

X = AX -I- BU 

whcie 

A = AiD + A2{1-D) 

B==ByD + i?2(l - D) 

winch lesults m the following 


-1 

{i-D)R 


0 

RiC 

RiC 

B = 



-u 1 -J 9 )i?rc 


D 

L 

L RiL J 


. L . 


Mode 3 : 

Foi discontinuous conduction from the state space equations for mode 3, A^ and B^ 



-1 

0 


0 


RiC 


A 3 = 

0 

0 

B 3 = 

0 


are given as 
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= AiD + A 2 D 1 +A3(1-D- Di) 
D = BiD + B^Di + 53(1 — D — Di) 


wiu'io Di = 

which lesults m the following 



1 

DyR 

** 


0 


RiC 

RyC 



A = 

L 

uiD^Dy) 

L 

D\Rrr 
RyL J 

B = 

D 

. L . 


2.1.4 Equivalent Circuit 


All aveiagcd equivalent circuit can be diawn on the basis of continuous-time averaged 
equations The averaged state equations given m Section 2 12 axe rewritten in the 
following foiin 


^ -v; (1 - D)RIi 

RiC RiC 


li = 


(1 - J 9 )(l - ;^)K: uh (1 - D)RiJi . DVd, 


R\L 


+ 


Fi 0111 equation (2 8) 

DVi, ^ 

l-D {l-D)dt 
FVom equation (2 7) 

h 


L dll , . rJi , RrJi 

+ (1-;^)^ + ^^ + -^ 


RiC dK 


+ 


Vr 


(2 7) 

(2 8 ) 

(2 9) 

(2 10 ) 


R{1 -D) dt R{1 - D) 

Equations (2 9) k (2 10) can be described by an equivalent circuit given in Fig 2 4 
For discontinuous conduction the averaged system’s equations are given as 


dVc ^ -Vo DiRh 
dt RiC'^ RxC 

dh _ -A(l - j^)K: rijD + Di)Ii DxRrJi 
dt L L RiL 

From equation (2 11) 

RxCdVc Vc 
DiR dt ^ DiR 


(2 11 ) 
(2 12 ) 
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Figiue 2 4 Aveiaged Equivalent Ciicuit (Continuous Conduction Mode) 


DVdc 

Di 


+ v 

Pi dt Ri 


+ 7’i(l + 



Equation (2 11) & (2 12) can be desciibed by an equivalent circuit given m Fig 2 5 



Figuie 2 5. Averaged Equivalent Circuit (Discontinuous Conduction Mode) 


2.1.5 Small Signal Model 

This continuous iioiiliiiear system can be approximated as a linear system with in 
a small enough neighbourhood, around its dc operating point, which results in a 
linear system as 

X — AoX + Bo^ + Bd 
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wlicie A" IS a small deviation in state vaiiable X 
u IS a small deviation in input U 
(I is a small deviation in duty cycle D. 

mid Bg aie the matiiccs at a paiticulai operating point Matiix E is given as 
E = (Ai - Ai)Xg + {Bi - B2 )Uo 
Fui coiitmuous conduction 



0 

-R 

RiC 


Vco' 


0 


L 

Rlr 
RiL . 




1 

.•i . 


-luR 

RiC 


E = 


{l-T^)Vco 

L 


I RiJio 

^ RiL 


^ L 


Foi discontinuous conduction 


E = {Ax - Aa - A,)Xo + (i?i -B^- B,)Uo 
1 R 


E = 


RxC RiC 


Rrr 

L RiL 



O 


0 



+ 



ho . 


1 

. L . 


E = 


Yea IlaM. 

RlC RiC 


I hoRr. ■ Kk 
L ^ RiL ^ L 


The small signal average model is given as 

X = AgX + BgU + Ed 
taking its Laplace transformation results in 


Vde 


5A(s) = AoX{s) + Bou{s) + Ed{s) 
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X{sl - Ao) = Bou{s) + Ed{s) 

X{s) = {sJ - Ao)-^Dou{s) + (si - Ao)-^Ed{s) 


^ A 

2.1.6 Vc{s) Vs d(s) Transfer Function 

When the input dc voltage is fixed i2(s)=0 

^(s) = {si - Ao)-^Ed{8) 


i^+TTi 




' K(s) ' 

II 

(/iW . 



RiC 


(l-:fi)K:o Rrrhn I lit 

L RiL ^ L 


{si - AoY 


{s + ’i + ^ 


L 




whc’ie 


, n (l-JD)/2?cw , 1 ^ . (1 - - R^) 

A^{s+j-+ ){s + ji^Lc 


Coiusulenng only the fiist low 


KW = aI'® Z RiC ’ 


The transfei function is given as follows 
d{s) ^ ^ 

(1 *— Vt/c R^cllo , ^ ^CO 

substituting the values in above from the Appendix A and lio=0 4614 , 1^0=3 69 

A = §2 2 781 X 10^5 + 64 46 X 10® 

_ (1475 X 10® - 4 56 X 10®)c?(s) 

" A ■ 
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K:(s) ^ 14 75 X 10® - 4 56 X 10®s 

d(s) “ 52 + 2 781 X 103s + 64 46 X 10® 

substituting s=jw 

Kjjw) _ 14 75 X 10® - 4 56 X 103jw 

d{3w) ~ -u;2 + 2 78 X IQ^jw + 64 46 x 10® ^ ^ 

_ 22 88(1 - 0 309 X 10~^jw) 

~ 1 + 0 04 X 10-3ju; - 

The tiansfei function has a zero at 3 23 x 10®i ad/sec and a pole at 8 02 x 
10®iad/scc The Bode plot for this tiansfer function is shown in Fig 2 6 

The Bode plot is veiified by giving a small disturbance m the duty cycle in the 
simulation of the conveiter. It is verified for frequencies 500 Hz, 1 kHz, 5 kHz, 10 
kHz and the corner frequency of 8.02 x 10® rad/sec (1276 42 Hz) Fig 2 7 shows the 
icspoiise of the conveiter for a disturbance in duty cycle D given as d = 0 005 sni(a;i) 
having ficquency equal to the coiner fiequency 1 e 8 02 x 10®rad/sec The values of 
the gam and pluuse computed from the above tiansfer function and obtained fioin 
the results of shiiulatlon arc given hi Table 2 1. 
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Figure 2 6 Bode Plot 
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Table 2 1 Veiification of Transfei Function (Vc / <^) 


Fiequency 

(Hz) 

Gam 

(db) 

Phase 

(deg) 

Simulation 

Tiansfer Function 

Simulation 

Transfer Function 

500 

28 57 

28 58 

-9 22 

-12 8 

1000 

33 73 

34 03 

-34 37 

-38 57 

127G 42 

36 43 

36 12 

-90 14 

-90 

5000 

4 08 

4 76 

-180 57 

-180 

10000 

-8 27 

-7 6 

-188 64 

162 
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tim0{s) 


Figuie 2.7. Simulation Results while Disturbance in Duty Cycle at the Corner 
Piequency 
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2.1.7 K(s) Vs u{s) Transfer Function 

Wlu’ii Lhi'io IS a distui banco in supply voltage it at a fixed value of duty cycle D, 
the tianslcr luiictioii between l/c(s) & u(s) is given as below 

X{s) = {si - Ao)-^Bou{s) + {si - Ao)-^Ed{s) 
substituting d{s)=0 

X{s) = {sI-A,)-^Bou{s) 


u(s) 



_ 1 

[ (5 + H + H-D)R 1 

^ L ^ R,L JJiC 


0 


“ A 

L V® ^ J 


D 

L 


_ (1 D)RDu{s) 


XRiLC 


The transfer function is given as following 

Vc{s) _ {1-D)RD 
u{s) 

substituting the values in above 

Vcis) 

u{s) 


ARiLC 
1 58 X 10’' 


(2 14) 


52 + 2.78 X 1035 + 64 46 x lO^ 

The tiansfei luiiction has a pole at 8 02 x lO^i ad/sec The Bode plot for this tiansfer 
function is shown in Fig 2 8. 

The Bode plot is now veiified by giving a small disturbance in the dc supply 
voltage in the simulation of the converter It is verified for frequencies 500 Hz, 
1 kHz, 5 kHz, 10 kHz and the corner frequency of 8 02 x 10® rad/sec (1276 42 
Hz). Fig 2 9 shows the response of the converter for a disturbance in the supply 
voltage given as, V^c = 1 sm(ait) having frequency equal to the corner frequency i e 
8 02 X 10®i ad/sec. 

The values of the gam computed from the above transfer function and obtained 
fiom the results of simulation are given in Table 2 2 Same equations, as the model 
foi constant Vdc have been used for modelling the peituibation The ac component of 
the input voltage has been sampled in each cycle and this value is assumed constant 
As sampling is at 100 kHz, this approximation is valid 
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Table 2 2 Venhcation of "Bansfer Function Vc / '^ 


Fiequency 

(Hz) 

Gain 

(db) 

Phase 

(deg) 

Simulation 

Tiansfei Function 

Simulation 

Transfer Function 

500 

-10 8 

-10 5 

-9 31 

-8 56 

1000 

-5 GG 

-G 16 

-35 26 

-22 5 

127G 42 

-3 08 

-7 7 

-88 81 

-80 

5000 

-35 35 

-34 88 

-174 60 

-162 

10000 

-47 83 

-47 13 

-177 42 

-170 




















Small Signal Voltage 
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tlm6(s) 


Figuie 2 9 Simulation Results While Disturbance in Vdc at Corner Frequency 
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log(w) 



log(w) 


Figure 2 8 Bode Plot 
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2.2 Open Loop Behaviour Due to Step Change in 
Load Resistance 

Tlic conveiter behavioui for a step change in the load resistance from a stable 
opeiatiiig point i e D=0 200 &: ^=3 69 is shown through the average inductor 
cuiient and aveiage output voltage Fig 2 10 and Fig 2 11 shows the response for 
load injection i e the load resistance is decreased from 10 ohms to 5 ohms with the 
dilfeieiitial equation model and the averaged equivalent model of the conveitei 



Figuie 2,10. Aveiage Inductoi Cuirent For a Change in Load Resistance PVom lOfi 


to 
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Figuie 2.11 Aveiage Output Voltage For a Change in Load Resistance From lOfi 
to 5L! 

The inductoi cun cut oveislioots transiently to feed the load and settles to a value 
greatc'i than the previous valve Theie is a dip in the output voltage In the absence 
of any controller, the output voltage settles to value less than the previous value 
of voltage 1 e 3 G9V Fig 2 12 and Fig 2 13 shows the response of the converter in 
terms of output voltage and inductor cuirent lespectively, for the load rejection i e 
load lesistance is inci eased from 10 ohms to 15 ohms with the differential equation 
model and the averaged equivalent model of the converter. The inductor current 
uiidei shoots and settles to a value less than the previous one The output voltage 
has an oveishoot and its steady state value is gieater than that of at R=10 ohms 
Fig 2.14 and Fig 2 15 shows the response of both the models to a load rejection of 
10 ohms to 20 ohms The constant pait of the inductor current corresponds to 
the discontinuous conduction of the converter As the load is i ejected more, the 
convoitcr lemaius in discontinuous conduction for moie numbci of cycles This can 
be seen by a load rejection of 10 ohms to 30 ohms in Fig 2 16 and Fig 2 17 
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Figure 2.12 Average Inductor Current For a Change in Load Resistance From lOfi 



Figure 2 13 Average Output Voltage For a Change hi Load Resistance Piom iOn 


to isn 
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Figuie 2 14. Avciage Inductor Current For a Change in Load Resistance Fioin lOLi 



Figure 2 15 Average Output Voltage For a Change in Load Resistance From 10f2 


to 2on 
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Figuic 2.16 Avciage Inductoi Cuiient For a Change in Load Resistance Pi'om lOfi 



Figuie 2 17. Average Output Voltage For a Change in Load Resistance Fioin lOH 
to 30Cl 
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2.3 Effect of Step Change in Duty Cycle 

111 Iho ubhi'iu'<' ()I any contioliei tlio coiiveitei output voltage is decided by the duty 
l«utoi D The appioxiiiiate value of the output voltage is given by, 

Fig 2 18 and Fig 2 19 shows the lesponse of the differential equation model and 
avciaged eiiuivalent circuit model to a change in D from 0 2 to 0 4 The response 



Figure 2 18 Average Inductor Current For a Change in Duty Cycle D From 0 2 to 
04 

due to change in duty cucle D from 0 2 to 0 25 is shown in Fig 2 20 and Fig 2 21. 
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Figure 2.20' Aveiage Inductor Curient For a Change in Duty Cycle D Fioni 0 2 Lo 
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Figuic 2.21. Avciage Output Voltage Foi a Cliange in Duty Cycle D Prom 0 2 to 
0 25 

The voltage oscillates with its iiatuial fiequency and then settles down to a 
steady state value. The converter enters into discontinuous conduction mode for 
D=0 4. For D=0.25, the conveiter remains in discontinuous conduction mode foi 
less time. The averaged equivalent model does not show the discontinuous behaviour 
of the converter 


2.4 Conclusions 

In this chajitei the converter models based on following are given 

• State space differential equations 

• Averaged state space equations and equivalent circuits based on them 

• Small signal model and transfer functions based on state space averaging 
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Tlie 1 (‘.suits of avei aging have been compared with the differential equation model 
T\h' av(‘iag(‘ (‘riuivalciit model is a good aiiiiioximation of the diiffcicntial equation 
model at a fieipieney as high as 100 kHz Foi continuous conduction mode the re- 
sponse lioiii the two models is exactly the same But the average equivalent model 
cannot pi edict the discontinuous conduction of the conveiter In the diffeiontial 
cqiiiition mode*! Ihe aveiage inductor cuiient becomes almost coiislaiit in discoiitm- 
uous conduction mode but m the average equivalent model the variation is smooth, 
damped sinusoid Fiom Fig 2 16 it can be concluded that if the inductor cuirent is 
negative oi zeio then the coiiveitei must be in discontmuos conduction mode but 
the conveise is not iilways tiue. 

Using the difleiential equation model, a sinusoidal perturbation in D & u has 
been added to their lespective d c values one at a time The results of deviations in 
the output voltage has been determined. This is compared with the values obtained 
fioni the tiansfei function given by equation 2 13 & 2 14 and equation and the 
coiiespoiidmg Bode plots shown m Fig 2 6 and Fig 2 8 The results of comparison 
have been given in Table 2.1 and Table 2 2. There is a close agieement between 
these vahu‘.s. In the 5 kHz to 10 kHz lange of signal fiequencies, there is deviation 
ill the vahu's of pluuse shift in case of Vc/d In the case of Vc/u there is deviation in 
the value of gam at coniei fiequency These eiiors are due to stepped approximation 
of the ac input pei turbation in the differential model and due to linearisation m the 
small signal model 
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Fuzzy Logic Controller 


111 this chapter the fuzzy logic controller (FLC), its equivalence with lineai PI con- 
tiollci and some simple fuzzy logic controllers have been discussed The building 
blocks of the Fuzzy Logic Conti ollei aie explained in Section 3 1 Section 3 2 es- 
tablishes the equivalence between a linear PI conti oiler and a 3 zone Fuzzy Logic 
Conti ollei Section 3 3 and onwaids, a 5 zone membership function has been used 
loi luzzificatioii. A simple integral contiollci with 5 zone membership function foi 
on 01 (o) is dibcusscd in Section 3 4. In Section 3 5a simple proportional controller 
with 5 zone mcmbeislup function foi change of error (ce) is discussed Intcgial 
conti ol with adjustable weights is discussed in Section 3 6 Response of a linear 
PI conti ollei, a 3 zone FLC, a 5 zone FLC are given in Section 3 7. Section 3 8 
compaies the responses at switching fiequency of 20 kHz and 100 kHz 

3.1 Description of Fuzzy Logic Controller 

The block diagram of fuzzy logic controller is shown in Fig 3.1. Different blocks of 
conti oiler are described below 
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Figuu’ 3 1 Block Diagiam of Fuzzy Logic Controller 


3.1.1 Fuzzifier 


The inputs to the fuzzy logic controller aie the ciioi e and rate of change of eiioi 
ce. These aie defined as 

e^Vo-V,,f (31) 

ce = e, - e,_i (3 2) 

wlieio Vo = output voltage of the converter 

Kc/ = lefeience voltage of the converter 

The symbol i is the suffix denoting the piesent sampling instant 

The values of e and ce are scaled by gains GE & GR lespectively to matcli the range 

of inputs used by the fuzzifier Both fuzzifiers are described by the input-output 

characteristics given in Fig 3 2 The input-output characteristics of the fuzzifier 

consists of three piecewise linear curves called “Membership Functions” . These are 

shown as N, Z & P in Fig 3.2. These coirespond to the classification of input as 

Negative, Zero and Positive respectively The fuzzifier assigns two values of the 

output /m(x) and /iij(x) i e membership functions to each value of the input x. 

If input IS gi eater than or equal to L or, less than or equal to -L or, zero these 

values go to 0 & 1. If the input is between -L & L, the membership functions have 

values between 0 & 1 Due to linear nature of curves the sum of the two values of 

membership functions is always unity i e /i>i(x) -t- /jb(x) =1, for all x 
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INPUT(X) 


Figure 3 2* Membership Function for 3 Zone FLC 

The notion of fuzzification implies that each input may belong to more than one 
catogoiy with a specific value of the membership function In the fuzzifier shown in 
Fig 3 1 an input value is classified as Negative, Zero or Positive with membeiship 
function values equal to those given by the respective N & Z or P & Z curves For 
huge values i e. magnitude greatei than L, the membership function for Zero, curve 
Z IS zeio. 

3.1.2 Fuzzy Control Rules: 

A contiol rule relates the category of inputs to the output C, It is of the form If 
e, is At and c*, is jB, then output is C, In above A, and jB, may each be P, Z or N 
Since tlicie are 3 categories of e and 3 categories of ce, therefore total of 3x 3 = 9 
lules must be enumerated. These are usually expiessed in the form of a contiol lule 
table as shown below m Table 3.1. The table given below gives the values of C, for 
each of the nine possible combinations of e, and ce,. The zero entries m the table 
indicate that the converter output voltage is approaching the set point and therefore 
no control action is lequired The positive entries indicate that the converter output 
voltage IS below the set point. So a positive contiol action is required in order to 
increase the output The entries are negative m the table when the output is above 
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Table 3 i Rule Table showing C, Foi Dilleieut Categoues of c, Sc ce, 

ce 



P 

Z 

N 

p 

-Lo 

-Lo 

0 

z 

-Lo 

0 

Lo 

N 

0 

Lo 

Lo 


the set point, so a negative contiol action Is requiied. For any given value of e and ce 
thcie aic two categoues to which it belongs with two values of m ie. /U/i(e,) &: ixu{^%)- 
Siiailaily fot ce. Theiefore theie are 4 contiol rules operative foi any combination 
of e, and ce, out of possible 9 shown in Table 3.1 above. 

3.1.3 Fuzzy Inference: 

The fuzzy infciencc method used is the ‘Mamdaiii’s Minimum Fuzzy Implication’ 
which selects a weight factor loi C, and gives a weighted output Wi given by 

lF,i = minOM(e,),/ij^(ce,))C,* = yu.jbC.* (3 3) 

111 above equation k vanes from 1 to 4 to cover the 4 coinbniations of /Lt(e) and ju(ce) 
which have two values eacli. 

3.1.4 Defuzzification: 

A noiilineai defuzzification algoiithm called ’centie of giavity’ method is used. Tlic 
defuzzifier pioduces a single cusp value of the output from the multiple weighted 
values pioduced by the inference engine. The control action <1, is infered by 




(3 4) 
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3.1.5 Calculation Of £),: 

Th<’ tluty iy« af tunvoiltn is tU'iumI tus £), = D,_i H-i/c/, 
when* }j i!> iht‘ !*.uu f.utoi of the fuxzy contrallei 


3.2 Equivalent Gains of the Fuzzy Logic Controller 

The lueinhei.siup funttioii foi the cuives P, Z & N in X-Y plane axe given as 


Cw vcP . fipix) = S 

(3 5 ) 

CurwZ = 1 - 

JU 

(3 6 ) 

CuiveN ' jUAi(a^) = 

L 

(3 7 ) 


m the itinge -L < X < L The curves P & N saturate at 1 and cuive Z falls to 
zeio ovitbuie the »xbove lange. For every inference corresponding to a pair of e, & ce, 
the weighting hutoi.s p, (i=l-4) uie chosen on the basis of relative values of ^i/i(e,) 
k fiiiid't) Put thi‘.se depeiul upon the relative values of scaled error and scaled 
changt' of citui Tlunefoit* c-ci* plane is divided into zones as shown rn Fig 3 3 In 
the iiist (juaduint e«u'h vtiriablc can be divided into two ranges 0 - L/2 and L/2 - 
L. This gives 4 huge regions I’licse aie subdivided further into 2 zones each by 
straight lines of slope -1 k +1 passing through the point (L/2, L/2) . Each quadiant 
of e-ce plane can be smiilarly divided into 8 zones. These are shown m Fig 3 3 The 
division allows us to predict fit the rnmimum between ixa{^%) k stated in 

equation (3 3) foi Wt. Therefore analytrcal expressrons for fit arc calculated These 
arc used to calculate dj. An example for Region 1 is given below 
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Figuiu 3.3: Division of u-ct* Plane Into Zones For Calculation of & Kp 


3.2.1 Region 1: 

In this region e > ce and both the inputs are in the categoiy P & Z (equation(3 5) 

k (3.6)). The possible combinations of e & ce are given in Table 3 2 

Therefore according to equation (3.4) di is given by 

(-GE\e\ - 2GR\ce\)Lo 
{2GR\ce\) + L 
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'lahlt* 3 2 <’oiul)iuatioiis of e & ce 




l^tk 

output(C',*.) 

z 

z 

ftyM) 

0 

p 

p 

/ir{ce) 

-Lo 

z 

p 


-Lo 

p 

z 


-Lo 


In this ifgnm i* > 0, ce > 0, thcuefore |e| = e, jcej = ce. Comparing this equation 
with conventional PI contioller 


di = -{/CtC + Kpce) 

LoGE 

{2\ce\GR) + L 
2LoGR 

~ (2lce|C?il) + L 

The equivalent constants for other regions are given in Table 3.3. Foi ranges greater 
than or etjual to L and less than or equal to -L the inenibeiship function becomes 
0 k I and effectively the number of control lules are two. The control action for 
this range is given in Table 3.4 
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Tiib!(‘ 3 3 Ecmivalent Gams foi Fuzzy Controller 


llEGION 

K\ 

A'p 


LoGE 

2LoGIZ 

(2GS|ce|)+Z^ 

{2G/£lce|)+L 

2,2” ,3,3’’ 

iLoGE 

LoGR 

(2(?,5|6|)+i/ 

(2G£;ie|)+L 

4,4" ,5,5” 

0 

(2G/eice|)-3L 

G,G",7,r 

Lo{GE-^) 

(2Glfe|)-3L 

0 


LoGB 

2LoGR 

{2GR\ce\)+L 

{2GR\ce,\)^L 

2’,2" ’,3’,3’” 

2LoGE 

LoGR 

(2GJSf|e|)+X' 

(2C?£?|e|)+L 

4’, 4’”, 5’, 5’” 

LoGE 

LoGR 

ZL-{2GR\ce,\} \ 

3L-{2GR\ce\) 

6’,G”’,7’,7’” 

LoGE 

LoGR 

ZLM2GE e ) 

3L-(2GE el) 




aiApmij FLc 


40 


Table 3 4. Coiitiol Action Foi Boundaiy Regions 


REGION 

CONTROL ACTION(d,) 

U.R),ll,r2,13 

-Lo 

9' 

dll 

10’ 

dll 

ir 

0 

12‘ 

~di2 

13’ 

-d,2 

0’M0Ml”,i2M3" 

lo 

r‘ 

-dii 

10'” 

-dll 

11’” 

0 

12’” 

-di2 

13’” 

-di2 


. Lo{L--GR\ce\) 

d., 1 

. Lo{L-GB\e\) 

d.i = 1 

The above given gains ai-e equal for quadrant 1 & 3 and quadrant 2 & 4, if e and 
eo both he 111 the laiige 0 < |e|(|ce|) < L There are 4 gains for each quadrants 
of 8 regions. Wo have taken 2 ranges of e and oe and the number of gams aie 8 
For 11 laiiges the number of gams wdl be 2n^ Moreover' the number of gams are 
iiidcpeudeiit of the levels of output The diange in output level only affects the 
value of gains. As seen from the Table 3.3 & 3 4, the gains are functions of e & ce 
Thorofoio the fuzzy logic contiollor is a nonlinear controller. 
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3*3 5 Zone Fuzzy Logic Controller 


A moi»’ tmupit'x tunf tolh'i t.ui In* achu'ved by the classification of e and ce in 5 
Ibg, IViliVf Small, Zoio, Negative Small, Negative Big called as 
i*B, i’S. Z, NS. NB lespet lively with 50% overlap The nicmbeiship function foi 
5 zones is shown in Fig 3 4 As the number of uieinbersliip function mcicascs the 
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Figure 3.4: Membershii) Function For 5 Zone FLC 

itHspouse becomes better and smooth. In the following sections 5 zone membership 
function has been used for different controllers. The flow chart for fuzzification 
IS given Fig 3 5. Fig 3 6 shows the flow chait foi simulation of the Buck-Boost 
converter using the fuzzy logic controller for the output voltage regulation 
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'Figure 3 5' Fuzzification Routine for 3 zone FLC 
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START 


D = Di 


FUZZIFICATIOr 

ROUTINE 

FIG(3.5) 


INITIAL CONDITIONS 
I^=Vci=0 


RULE TABLE 
TABLE (3 1) 


Cik,k=l,4 


Uii= min(uA(e),UA(ce)) 
Ui 2 = mm(uA (e),UB (ce)) 
Ui 3 = min(ib (e),UA (ce)) 
Ui 4 = min(uB (e),UB (ce)) 


CALCULATION 
OF c , cc by 
ECU (3.1), (3 2 


F 

e >0 001 
:e > 0.00 


DEFUZZ: 
CALCULATE 
diFROMEQU (3.4) 


Di = Di -HI di 


Ih = Ilf 
Vci = Vcf 


Figure 3.6* Flow Chart For Simulation 
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3.4 A Simple Integral Controller 

Inf (‘gull contiol ac tmn using fuzzy logic can be obtained by taking into consideiation 
only Cl 101 at every sampling instant. The value of controllei output A is the 
{ uimilativc addition of coiitiolloi outputs d, aftei eveiy sampling instant which is 
inopoitional to the eiioi This lesults into integral action. 

A ~ A-i + dt 


d, = A'.c, 

whcie A=<‘»ntiollci output 
c, =01 101 at sampling instant 
/v,=gam constant 

d, = Y,ka 

I 

In the steady slate c, is diivoii to tlic value zeio and d, is zero. 

Five zone menibeiship functions foi eiroi is chosen according to the Fig 3 4 The 
contiol lilies aie given below. 

• 111 : if c, IS PB then A is NB. 

. 112 : if c, is PS then A is NS 

• R3 : if e, is ZE then A is Z. 

• R4 : if e, is NS then A is PS 

• R5 : if e, is NB then A is PB 

wheie A IS the singleton output given by ai, ooi -<^1) "^2 for NB, NS, Z, PS and 
PB respectively. The fuzzy rule table is given m Table 3 5 

Integral control action using fuzzy logic control is performed on a Buck-Boost con 
verter for different values of gam constants The simulation results for diffeient 
values of control action is shown in Fig 3 7. 
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Table 3 5 Ibile Table For Iiitcgial Coiitiol 


■■D 

c, 

NB 

aa 

NS 

Ql 

Z 

Co 

PS 

mugiiiiiii 

PB i 

i 

-tt2 



Figure 3 7- Integral Control 
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• Foi contiolier 11 oo=0, ai=0 15, a2=0 25. 

• Fi)i coiitiulli'i 12 ao=0, ai=0 22, a2=0 30 

• Foi coiitiollci 13 uo=0, ai=0 25, 02=0.40. 

It IS obseiveci that thcie aie oscillations at high gain, where as the system stabilizies 
at lovvci values of gain. 


3.5 A Simple Proportional Controller 

Rizzy logic coiitiol taking into considciation only change of eiioi (cc) lesults into a 
”P” type controller. If N is the number of samples then 

e, = Cl + (62 - fii) + (es - 62) + (e, - e,_i) + 

The luzzy contiol action will be given by 
£), = A-i + d, , dt = Ap(ce,) 

The magnitude of controller output is pioportional to magnitude of ce and sign of 
conti oiler output is opposite to the sign of e,. The membership function for ce is 
shown ill Fig 3 4 The fuzzy control rules are given below 

• R1 if Ice, I IS PB then 1(7,1 is B. 

• R2 if |ce,| IS PS then |C,1 is S 

• R3 if |ce,| IS ZE then |C,1 is Z 

where |C,1 is the singleton output given by 02, ai, ao for B, S and Z respectively 
The fuzzy rule table is given in Table 3 6, Proportional control action using fuzzy 
logic control is performed on a Buck-Boost converter for a value of gain constants 
Simulation results for this controller for different values of gam is shown in Fig 3 8 

• For controller PI ao=0, ai=0 4, 02=1 


• For controller P2 oo=0, ai=0 45, a2=l 
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lablc 3 6 Rule Table For Proportional Conti ol 


ce, 

a 

PB 

a2 

PS 

ai 

Z 

<^0 



Figure 3 8 Proportional Control 
• For controller P3 ao=0, oi=0 5, 02=1 


It has been seen from the simulation results that there is a steady state error for lower 
values of gain. As the values of gam is increased the steady state error decreases A 
limit is leached when increasing the gam makes the system unstable 
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3.G Integral Conti'ol With Adjustable Weights 

This control action is modified form of the integral control action given above The 
change of eiroi i e ce is divided into 3 zones according to the magnitude So 
instead of one column of output C, , there are 3 columns Therefore only two rules 
aie selected foi control action at every sampling instant The ranges of ce are as 
given below 
Z: 0 < Ice] <0.25 

S 0.25 < Icel <0.75 

B: Icel >0 75 

The membership function for e is same as shown in Fig 3 4 The fuzzy rule table is 
given m Table 3 7 


Table 3 7 Rule Table For Integral Control With Adjustable Gams 


ce 



Z 

s 

B 

PB 

-Oi 


-03 

PS 


-Os 

-06 

Z 

Oo 

Oo 

do 

NS 

04 

as 

as 

NB 

Oi 

0.2 

<13 


The simulation result on a Buck-Boost converter is shown in Fig 3 9 

• For controller PIl ao=0, ai=0 10, 02=0 15, 03=0 30, 04=0 05, 05=0 08,06=0 15 

• For controllei PI2 • ao=0, ai=0 10, 02=0 20, 03=0 35, 04=0 06, 05=0 10, 
06=0 18 

• Foi controller PIS ao=0, ai=0 1, 02=0 25, 03=0 45, Oi=0 08, 05=0 15, 06=0 25 

It has been seen from the simulation results that as the gam is increased, the response 
time reduces but there is a limit tor increasing the gam after which the system 
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liocomt’K unbt.ibU* 



Figme 3.9 Integial Control With Adjustable Weights 


3.7 A PI Controller 

Fuzzy logic control taking into consideration both e and ce results in a nonlinear PI 
controller Fig 3.10 shows the response of 3 zone FLC foi for Lo =0 6, i espouse of a 
linear PI controller for K^=0 0003 and Kp=0 012 and of a 5 zone FLC corresponding 
to the constants of controller PH m Fig 2 11 The control rule Table for 5 zones is 
shown in Table 3 8. As the number of zones increases the response becomes better 
aj,id smooth The transient behaviour of the the output voltage starting from zero 
initial conditions with 5 zone FLC is shown in Fig 3.11 

• For Controller PH , ao= 0 , oi=0 1, 02=0 2, 03=0.3, 04=0 35 , 05=0 45 , 06=0 5 , 
07=0 65 , 03=1 


• For Controller PI 2 ao= 0 , Oi =0 3 , 02=0 4 , 03=0.6, 04=1 05 , 05=1 35 , 06=1 5 , 
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Figuie 3 10 Response With 3 Zone FLC, Linear PI Controller and 5 Zone FLC 

• For Contioller PI3 : ao=0, ai =0 5, O 2 = 1 . 0 , 03=1 5, a 4 = 1 . 75 , a ^=2 25, 03=2 5, 
a7=3.25, 08=5. 

The lesult shows that the system becomes unstable at high gams 

3.8 Effect of Fuzzy Output on the Controller Re- 

I 

sponse 

The fuzzy control lule is of the form 
If Ct IS A, k ce, IS then output is C, 

Instead of a singleton value, C, is also a fuzzy variable like e, & ce„ as shown in Fig 
3 13, The coriespondmg crisp outputs used for comparison of controller r^ponses 
equal the central values of each zone More computations is required m the inference 
engine Mamdani’s minimum fuzzy implication is used to find the minimum of /i/i(et) 
and /.ts(ce,) called /.i, as m equation (3 3) This minimum is used along with the 
membership function for C, A modified membership function for the output C, is 
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Table 3.8. Rule Table Foi 5 Zone Fuzzy Conti ollei 

ce 



NB 

NS 

z 

PS 

PB 

PB 

-az 

-04 

-05 

-07 

""Gs 

PS 

CLq 

-ai 

-a2 

-04 

■“Oo 

Z 

az 

fli 

Go 

-Oi 

-02 

NS 


(24 

G2 

Oi 

Go 

NB 


ay 

06 

04 

G3 


calculated which aaturatos at /a. This process is shown in Fig 3.12 [2]. Theie would 
be four such minimum operations for a value of e, and ce,. Hc is found by taking 
the maximum of the shaded areas of jUd, /XcZi Pcs ^ P'ca For defuzzification center 
of giavity of the maximum area is calculated. The Rule Tables for fuzzy output 
and the corresponding crisp output are given in Table 3.9 and Table 3.10. Fig 3.14 
shows the i espouse of the controllei with fuzzy output and singleton output for Loi 
= 0.24 and £.<, = 0 12. The nature of the response is similar to that of with the crisp 
output. However the response due to fuzzy output is slightly slower than that with 
the crisp output. 


Table 3.9. Rule Table For Crisp Output 
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lablc 3,10: Rule Table For Fuzzy Oulpub 
ce 
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INPUT(X) 


Figure 3.13: Membership Function For Output 


3.9 Control Surface 

The contiol surface of the conti oiler describes the characteristics of the conti oiler 
This characteristics is independent of the process to be controlled. The character- 
istics have been diawn relating the fuzzifier inputs to the crisp contiol output 
The fuzzifiei inputs are scaled eiroi e and scaled change of erroi ce (which includes 
the factois GE & GR), ranging from -2 0 to H - 2.0 A 3-D control surface for 3 zone 
FLC and 5 zone FLC is shown in Fig 3 15 and Fig 3,16 
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Figuio 3 14: Response Due to Fuzzy Output and Cusp Output 


3 Zone FLC 



Figure 3 15 A 3-D Control Surface For 3 Zone FLC 



aiAPTEH 3 FLC 


55 


5 Zone FLC 



Figure 3 16’ A 3-D Control Surface For 5 Zone FLC 


3.10 Response at 20 kHz 

The response of the controller on a converter which is operating at 20 kHz i e at a 
frequency lower than 100 kHz is shown in Fig 3.17 As the frequency is decreased 
the value of inductor and capacitor has to be increased. Therefore these values 
aie set at 500 ;uH and 500 /jF respectively The response shows that the system is 
stable but the response time increases As the value of the inductor and capactior 
IS increased the response time increases but a limit is reached when the response 
becomes unstable. 
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Figuie 3.17: Response at 20 kHz and 100 kHz 


3.11 Conclusions 

In this ohapter diffeient types of controller based on fuzzy logic control are discussed. 
It has been seen tliat as the gain is increased the system becomes unstable There is 
a large steady state error in case of Proportional Control The fuzzy controller has 
been seen to be equivalent to a nonlinear PI controller. The expiessions for these 
equivalent gains have been given in table 3 & 4 Simulation results show that the 
transient response of a linear PI controller is similar to that of a fuzzy conti oiler 
However the line and load legulation will be better with 3 zone and 5 zone fuzzy 
contoller as this is a nonlinear controller. The transient response of a 5 zone fuzzy 
controller is better than that of a 3 zone fuzzy controller but more computation 
is required. As the value of inductor and capactior is increased the response time 


increases. 
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Table 4 1; Rule Table For 5 Zone Fuzzy Conti oiler 

C0 



NB 

NS 

Z 

PS 

PB 

PB 

>03 

-04 


-07 

aa 

PS 

oo 

-Oi 

-02 
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NS 


1 04 
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Ol 

Oo 

NB 

as 

a? 

05 

ai 
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4.7. Section 4 8 gives the criterion for stopping. Dual Table Method is discussed in 
Section 4.9. 


4,1 Performance Measure 

The perforinaiice measure, measures the deviation from the path of the desired 
trajectoiy and issues appropriate changes that are required at the output of the 
controller. 

If Vf, asoutput voltage of the converter at any samphng instant. 

Vorf^desired output voltage at the same sampling instant. 

Then the difference between the actual output and the desired output is a measure 
of deviation. The performance index is given by an Integral Square Error cn tenon 

P.I. = / (K. - V^)^dt 

Jo 

where NT is the total time over which error is measured and T is the converter 
cycle time. It is desirable to take samples of error at intervals synchronized with the 
converter cycle time T. Then the integral given above is modified to 

N/k 

PI. = ZiV.-V^)^.kT 

»=l 

where k is the number of converter cycles after which the error is measured. The 
teim T above is the constant 100 /is cycle time of the converter and may be dropped 
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‘rij«'irh»t f 

N/k 

PI - j^{Vo ~ Voh)^ k ( 41 ) 

1=1 

A ttiUk* IS shown in Table 4 2 wheie dev = K, - Vod- For the 


Table 4 2. Performance Measme Table 


Dev 

Ad 

PVL 

-Adi 

PL 

-Ad2 

PM 

-Ada 

PS 

<1 

1 

Z 

0 



NS 

<1 

NM 

Ads 

NL 

Ad2 

NVL 

Adi 


results shown in this chapter, the P.L at run has been calculated for all the 
cases. The value of P.I. varies between 1 & 4. The effect of changing the numbers 
of matching points on the P.I has been studied and results are given in Section 
4.7. The deviation has been divided into 9 categories • Positive Veiy Laige (PVL), 
Positive Large (PL), Positive Mediuni(PM), Positive Small (PS), Zero (Z), Negative 
Very Large (NVL), Negative Large (NL), Negative Medium (NM), Negative Small 
(NS) Some matchings points are chosen at which the modification to the constants 
of the rule table (Table 4.1) is applied The modification in the entries of the rule 
table IS proportional to Ad in Table 4 2 The modification in the entries of the rule 
table 1 e. in the values of ao to og can be done by two methods The contiol action 
d as defined in the equation (3 4) is given by 
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Ui 


aa /^aOa 4- UauL 

/ii + t^2 + fi3 + m 


/il + /^2 + /Lt3 + M4 

whm* tt\, u'^. ju«l <1^ ail* any fum constajits of the rule table 


4.2 Method-1 


This iiu'lluai pioposes an eiiual contribition to the change m control output d but 
uiu'({ual tiuHhncatioti in the iiiUivklual constants* Por a given value of deviation 
fioni tiu* ('iublf 4.2) a value of Ad is chosen and the modification in the value of 
cunsttUit is Ait^, 1 he piu't of contiol action contributed by any individual constant 
say «| IS given by: 

Ul =3 - 7 - 

12 y-t 

With inodiiied constants the contiol action due to oj i.e. ui is given by 

yi{(ii + Aai) 

«1 = 

12 y 


The change in the contiol action given by ^^^produccs an equal change m contiol 
output i.e 

fMiAai __ Ad 
_ _ 


Therefore 


Aui = 


AdJ 2 y 

4mi 


Thciefoic evciy a, will produce 


4.3 Method-2 


This method pioposes an equal change in all the relevant four constants. The 
modified contiol action is given by 

yi (<^i H- Ag) + y2{ci2 + Ao) 4 - ysjas + Aa) 4- yijaj 4- Ao) _ ^ 2) 
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\\hn»* »l i-' fin* umiunlilintl toiitiol {Ktion given by 


{/ — “b /^3Q3 “b 

Em, 


tolupaiiiig ecjiuition (4.2) and equation (4.3) we get 

/ijAn + /i^Afl + /fsAa + fiiAa 


Em, 

A«E/a 


= Ad 


'riieieloit* 


Att = Ad 


= Ad 


(4 3) 


Tluh lUmnmt.s to correction piopoitionnl to At the cud ol one luu the vaiioua 
modified values of a particular constant is averaged and this averaged value is used 
ill the next run. In oidei to make the response faster the slope of desired response 
and tlie present lesponse is also taken into consideration. The absolute value of 
Oil or in slope i.s also discretised as Small, Medium and Big. The scaling factor for 
ciior in slope is taken fis 10. 


cci =* error in slope * 10 

According to these slopes there arc three tables like Table 4.2 with increasing value 
of Ad. 


4.4 Self Organisation to Obtain a Given Desired 
Response 

The unmodified converter response of a five zone FLO with constants oo to os equal 
to that used in controller PIl in Section 3 7 shown m Fig 4 1 The desired response 
whose rise time and settling time both are less than that of the present response is 
also shown in Fig 4 1 The self-orgamsmg algorithm changes the constants of Table 
4 2 to achieve the desired response. Method-1 & Method-2 given m Section 4 3 are 

used for this purpose. 



CUAVVEH ./ 6V/r(;i#?a«i.v4fio« 


62 



Figme 4 1 Desired Response and Response of Original 5 Zone FLC 

4.4.1 Method-1 

The vnlucH of M'h foi the performance measure table aic given in Tabic 4 3. 

The eoiisUuits uo-ug have their initial values according to the original response shown 
111 Fig 4.1 foi five zone FLC. Fig 4.2 shows the response with a performance tabic 
given above, the desiied response and the original response of the converter The 


Table 4.3 Constants of Performance Measure Table 



0 < cei < 0.25 

0 25 < cei < 0 75 

cei > 0 75 

Adi 

0 03 

0.035 

0 040 

Ada 

0 025 

0 028 

0 035 

Ads 

0 0165 

0 0185 

0 0195 

Adi 


0.0128 

0 0148 


P.I IS 2 56 at IS''* run. The average output voltage at every fifth converter cycle is 
taken as the matching point for measuring P I i e k=5 m equation (4 1) It can be 
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Figuie 4 2 Response to a Given Desired Response Using Method- 1 With Initial 
Constants 

seen that the response of the converter is very close to the desiied lesponse 

4.4.2 Method-2 

The values of Ad's for the performance measure table are given in Table 4 4 
Fig 4 3 shows the response with a performance measure table given above, the 


Table 4 4 Constants of Peiformance Measure Table 





cei > 0 75 

.. 

Adj 

03 

0 35 

0 40 

Ad2 

0 25 

0 28 

0 35 

Ads 

0 165 

0 185 

0195 

Adi 

0 088 

0 128 

0148 


desired response and the present response The constants ao — os have their initial 
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Figuie 4 3 For a Given Desired Response Using Method-2 With Initial Constants 

values accoidmg to the response shown in Fig 4.1 for five zone FLC The PI is 
2.58 111 run Eveiy fifth sampling instant is taken as the matching point for 
iiicasuinig P I It is seen that the response is very close to the desired response 
It is observed that as the value of Ad inci eases the number of runs taken to 
achieve a particular P I decrease But if the value of Ad is increased raudi then the 
collection will bo too large and the i espouse becomes unstable 

4.4.3 With Zero Initial Constants: 

Method- 1 : 

Method-1 does not give good results in this case Since the correction in a particular 
constant say at is proportional to the correction to the values of constants is 
too large m this case With all zero as initial constants the error (e) is very large 
so is vciy large and also /.t, is always less than one. So the correction becomes 
laige and system becomes unstable. If the value of Ad is decreased then the system 
becomes stable but then the number of runs required to achieve a particular value 
of PI increases. 
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Tdblo 4.5 shows the natuic of P I. with difrcient values of Ad's lu 50'^* run 
wheic M.F. is the multiplying factor for the values of Ad's in Table 4 3 


Table 4.5. Nature of Deviation With Different Values of Ad's 


M.F 

P.I. 

0 0001 

11867 78 

0 001 

844 34 

0 01 

3 59 

0 1 

9243332 


Method-2 . 

This method gives good results The values of Ad's chosen for this method are given 
in Table 4 4 The result is shown in Fig 4 4 with the desired response The response 
IS very close to the desired response The P I is 1 46 m run 

4.4.4 With Unity Initial Constants 

All the constants i e from ao to as aie assumed to be one 
Method-1: 

Thie method does not give good result m this case also The correction to the 
constants is too large Moreover it takes more number of runs to achieve a particular 
minimum value of deviation 
Method-2 

All the constants from oq to as are initially taken as one. The performance table 
used is same as Table 4.4, Fig 4 4 shows the response for this case and the desired 
output voltage The performance index is 4.08 in 18‘^run The response is very 
close to the desired response 
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Figuic 4 4 For a Given Deaiiecl Response Using MetUod-2 


4.5 Response to an Ideal Step 

licsiionHc* to an ideal step using Mcthod-2 foi all the constants having values zero 
and one is studied. The desiied output voltage K,d=3.69V. 

4.5.1 With Zero Initial constants 

The pciloiniance nicasuie table used is same as Table 4.2. Fig 4,5 shows the response 
to an ideal step The PI is 18 79 in 18‘'*run 

It is observed that the rise tune is considerably less The output voltage uses 
very sharply and then oscillates In the steady state the system is not stable. The 
output voltage oscillates around the desired steady state, although the deviation is 
small. 
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4.5.2 With Unity Initial Constants 

Ihe peiforniance measure table is same as Table 4.2 The response to this step with 
all one as initial constants is shown in Fig 4 5 The PI is 18 45 in 18‘*run. 



Figure 4.5. Step Response 


4.6 Response to a Given Exponential 

It IS deal fioin the lesults of simulation that the use time is considerably less. 
The output voltage uses very shaiply and the output voltage oscillates aiound the 
desiied steady state Response to a given exponential using Method-2 for all the 
constants having values zeio and one is studied. The desired output voltage is taken 
as Vo, I = (1 — where r = 200T and T is the time period of one cycle. 

4.6.1 With Zero Initial Constants 

The performance measuie table used is same as Table 4.2 Fig 4.6 shows the response 
to a given exponential and the desiied response. The PI is 1 96 in 18*^run The 


CHAPTER 4 Svlf Oigmiisation 


G8 


1 espouse is very close to the desn'cd exponential. 

4.6.2 With Unity Initial Constants 

The peifoiiuancc table used for this case is also same as Table 4.2. The response to 
a given exponential for this case is shown in Fig 4.6. The P.I. is 9.7 in 18‘'‘iun. The 
response is very close to the desired exponential. 



Figure 4.6. Exponential Response 

The choice of constants for the performance measure table is dependent on the 
time constant of the exponential. Tiie same tabic, if used foi slowci exponentials 
causes ovei collection and the system becomes unstable Therefore the constants 
should be decieasd as r increases 


4.7 ElTeci of Number of Matching Points 

The sampling points where the P.I is calculated are called matching points. The 
responses shown so fai in this chapter are foi matching points as every sampling 
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iiisUuits. Fig 4.7 shows the relationsliip between the values of a particulai constant 
(aj) and number of matching points at a paiticulai run It can be concluded from 
the hguic that after a certain point the value of the constant saturates, so increasing 
tlie number of matching points further does not affect the value of the constants. 
Choosing more number of matching points reduces the number of runs required for 
a i>ai ticular value of P.I. 



Figure 4,7 Variation in the Value of Constant 03 


4.8 Criterion For Stopping 

Foi matching a response and stopping the piocess, it is needed to know how many 
lUiis arc lequiied to achieve the best possible response, which is close to the desired 
one Bithei one can fix the desired value of minimum P I or one can choose the 
mmimuin P I as the stopping criteiion. Fig 4 8 shows the relationship between the 
number of runs and PI for a particular case 

It IS observed fiom the figure that after some runs the P I. remains almost con- 
stant. Fixing the value of P I for stopping ciiterion may give the problem, if the 
contiollei is not at all able to achieve that desired PI Then another higher value 
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Figuie 4 8 Cutenon For Stopping 

of P I IS to be chosen, whereas choosing the minimum value of P 1. as stopping 
cnteiioii gives the best possible response that the controller can produce 

4.9 Dual Table Method 

111 this case the oiiginal fuzzy rule table is not changed There is another table 
called as performance measure table which is lesponsible in achieving the desired 
1 espouse Instead of modifying the constants m fuzzy lule table it directly modifies 
the contiollei output The euoi iii the actual output and desiied output is scaled by 
a lactoi and the scaled eiroi is called as Cp This quantity is fuzzified according to 
the meiiibcislup luiiction as shown in Fig 4 9 There is a performance measure table 
given 111 Table 4 6 which selects the output Cp, according to the scaled eiror Cp 
Foi a paiticulai value of error there are two categories of Cp and two values of 
Cp,. Cciitei of giavity method is used for defuzzification to obtain d 2 . The duty 
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INPUT(X) 

Figure 4 9 Membership Function For Cp 


cycle without the peiformance measure table is given by 

A = A-i + 

wheie di is the fuzzy controller output 
1)1 IS the gain factor 
1 is the sampling instant 

The duty cycle with the performance measure is given by 

A ~ A-i + Vidi + 1)2^2 

wheie d 2 is the output of the performance measure table 
7/2 IS the gam factor for da 

Fig 4.10 shows the response for this method with 7/2=0 1 The scaling factor for Cp 
is 0 1 It IS obseivcd that the method of modifying the constants is not reciprocal 
1 c if the dcsiied response corresponds to a paiticular fuzzy rule table then the final 
table obtained from this method is not same as the table of desired response 



Voltage(V) 
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Table 4 6: Performance Measure Table For Cp, 


ept 

Cp. 


0 80 


0 25 

Z 

0 00 

PS 

-0 25 

PB 

-0.80 



Figuic 4 10 Dual Table Method 
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4.10 Conclusions 

In this chapter two methods for self-organisation are discussed Method 2 is better 
than Method 1 The response is very close to the desired response in every case. 
Opeiation of the self organising algorthim shows that the final values for constants 
Co - ag are a function of the initial values chosen in the table. Therefore many choices 
of tto - ag produce nearly same response. If the desired response corresponds to some 
known values of ag-ag, the self organisation does not result in the same values of 
constants for zero initial values and unity initial values Some sample values other 
than the known constants also resulted m a different table The reason is that the 
self oigauisatioii may not cover all cases of e &; ce The new table with zero & unity 
initial values resulted in larger values of constants which affects the response due to 
load and line variation adversely 

If the iiumbei of matching points m the algorithm is increased the constants 
satuiate aftei a particular number of matching points (Fig 4 7) In the dual table 
method the oiigmal constants of fuzzy lule table aie not changed 
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Fuzzy Regulators 


The quality of any controller is decided on the basis of its ability to damp out the 
oscillations i e to i educe the overshoot k undershoot and time to reach the set 
value after the peiturbation. In this chapter different types of fuzzy regulators are 
studied Section 5 1 gives the voltage regulation for load injection and i ejection 
Line legulation foi vaiiation in tlie supply voltage is given in Section 6 2. The 
1 espouse oi the conti oiler to a step change in the reference value of voltage is given 
in Section 5 3 Section 5 4 desciibes different auxiliary controlleis for reducing the 
voltage ovoi shoot and undershoot due to load distuibances The auxiliary controller 
doscubed in Section 5 4 1 is based on the small signal model for the Buck- Boost 
convoitei in the state space A simplified small signal model is used in Section 
5 4 2 Section 5 4 3 describes an auxiliary controller using the small signal model in 
the ficquency domain The i espouse of the system with variable gam factor iji is 
desciibcd ni Section 5 5 


5.1 Load Regulation 

The fuzzy logic conti ollei is tested against load variation Fig 5 1 and Fig 5 2 shows 
the response of FLO to load vauation In Fig 5 1 load resistance is changed from 10 
ohms to 30 ohms and then back to 10 ohms. The FLC is able to achieve the steady 
state voltage i e 3 69V m approximately 600 cycles Fig 5 2 shows the FLC response 
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to a load change of 10 ohms to 5 ohms and then back to 10 ohms The FLC is able 
to achieve the steady state voltage i e 3 69V in approximately 600 cycles. It is clear 
from the simulation results that the fuzzy regulator is able to regulate the output 
voltage against the variation in load. 



Figuic 5 1 Load Resistance is Changed from 10 H to 30 fl & then to 10 

5.2 Line Regulation 

The supply voltage is not always constant So the FLC is tested against a variation 
111 the supply voltage Fig 5 3 shows the response of the FLC to a variation in line 
voltage fioni 15V to 10 V and then back to 15V It can be seen from the figure that 
the coiivcitci voltage leachcs the reference voltage within 200 cycles. 


Voltage(V) Voltage(V) 
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2 Load Resistance is Changed from 10 to 5 & then to 10 



Figure 5 3 Line Voltage is Clianged from 15V to lOV & then back to 15V 
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5.3 Response to Change in Vref 

To change the output voltage of the converter, the reference voltage to the controller 
IS changed. Fig 5.4 shows the response of FLC to a change in the reference voltage 
The lefeience voltage is changed from 3 69V to 5V 

It can be seen that the volatge follows the reference voltage 



Figure 5 4 Reference Voltage is Changed to 5V 


5.4 Auxiliary Controller 

Fig 5 5 shows the block diagiam of a system using FLC and an auxiliary controller 
When theie is a change m the load, the converter output voltage overshoots or 
undeshoots accoiding to the variation in the load If an auxilliary controller is in- 
troduced into the system only for some cycles, during these oscillations, then the 
uiidei shoot and ovci shoot in the output voltage can be reduced After that the 
fuzzy coutiollei alone regulates the voltage and the auxiliary controller is discon- 
nected. The tliice auxiliary contiollers discussed in the this section use the following 
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Figure 5.5‘ Block Diagram For Auxiliary Controller 

strategies 

A 

• Computation of d using small signal model 

• Computation of d using simplified small signal model 

• computation of d using low frequency d c gam 

In the following sections a load change of the type as shown m Fig 5.C is used. 



Figiue 5 6 Nature of Load Variation 







Voltage(V) Voltage(V) 
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Figuie 5.7: Response of Fuzzy Regulator With Drno®=0 80 



Figure 5 8 Response of Fuzzy Regulator With Dmaa=0 22 
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The response of tlie FLC alone, without the auxiliary controllei, with D,nax (max 
limit to duty to duty cycle) = 0.80 and with £?„, a *= 0.22 is sliown in Fig 5.7 and Fig 
5.8 icspectivcly. The Y-axis represents the average output voltage in the figuics 
showing the response with and without auxiliary controller. 


5.4.1 Auxiliary Controller Using the Small Signal Model 

Tlie small signal model of the converter, discussed in Section 2.1.5 gives the following 
equation: 

X = A„X + BoU + Ed (5.1) 

The dc voltage is constant, therefore u=0 


X = A„X + Ed 

{Xk - XLi) 


At 


==AoXk + Ed 


Where k is the current sampling instant and At is the sampling time. 

{Xk - Xlr) 


At 


AaXk = Ed 


substituting the state vaiiables as K* h and the value of /lo &: E ftom Section 2.1.3 
and Section 2.1.5 respectively: 


1 


— k^cfc-i 


1 

RiC 

{l-D)R 

RtC 


' Kfc’ 

At 

hk 

A 

- hk-i 


L ^ 

r, U-D)Rrc 

L RiL J 


A 

Ilk 


Considering only first row 

[Vek - Vcfc-i) . _ (1 - DoVik ^ _/iod 

At RiC C C 




RlLC 


+ 




IkA. 

Rib 


(5 2 ) 


Since fc < R, it is assumed that w R 

substituting the values of converter parameters from Appendix A Therefoie 


lO^Vck - YcLi) + loVefc - 0,7997 x lo'hfc = -4GMd 
* 79974 - lu5(V;fe - Kfc-i) - 10^14 
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Tlieiefoie an auxiliary controller can calcualte d from ineasuied values of the state 
vaiiablea K and It The d calculated above is the output of the auxiliary controller 
called da in Fig 6.5. The duty cycle is given by 

— Et-x + rixdx + 772^2 (5.4) 

where dx is the output of the FLC 

dj is the output of the auxiliary contioller i.e. d 

ih is chosen as 0.03. The maximum limit to duty cycle (D) is chosen as Dmax=0.80. 
The auxiliary con ti oiler remains in the system until the output reaches the first zcio 
ciossing. Aftei that only the FLC legulates the voltage and d 2 is assumed to be 
zeio Fig 5 9 shows the lesponse with an auxiliary controller where Dma» =0 80 Fig 
5 7 shows the lesponse with only FLC to the same load variation with Dmax=0 80. 
Coniiiaiison of two icsults shows that m both load lejection and injection the ovoi- 
shoot and undeishoot i educes lespectively. 



Figiue 5 9: 

(I?mn*=0.8U) 


Iteponse of the Auxillaiy Controller using Small Signal Model 
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Fig 5 10 shows the response with an auxiliary controller where i?ma* =0.22. The 
lespouse nnpioves considerably during load rejection and injection both. 



Figiuc 5 iU. Response of the Auxillaiy Contiollcr using Small Signal Model 
(A««x=0 22) 

5.4.2 Auxiliary Controller Using the Simplified Small Signal 
Model 

In Older to judge the lelative nnpoitance of feedback of Ii Vc, a simplified equation 
foi d can be obtained by assuming K to be zeio foi all k Tins lesults into following 
equation: 

/_ 79974 
^ 4614 

The value of 7/^ m equation (5 4) is i educed to 0 003 fiom 0,03 to compensate for 
the eflect of above assumption. 
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Figuic 5 11 Hcspoiibo of the Auxiilaiy Coutiollci using Snnphhcd Small Signal 
Motlcl (D„,„x=0 80) 



Figuie 5.12 Il<*.spon.sf ot tin* Auxillaiy Controller using Simplified Small Signal 
Model (iJmnr“d 1^^) 
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Fig 5.11 shows the response foi Anax=0 80 with the auxiliary controller Tliere is 
no appreciable effect on the response m this case wlien compaied with only FLC Fig 
5.12 sliows the i espouse with the auxiliary controller with Dmax—0,22 The response 
is better than that of with i!)T„os=0.80 but still the change is not so significant. 
Therefoie it can be inferred that the term containing in the auxillaiy controller 
of Section 5 4.1 can be neglected without affecting the response 


5.4.3 Auxiliary Controller Using Low Frequency D.C. Gain 


The transfer function foi Vc(s) /d(s) is derived in chapter 2 Calculating the d c gain 
of the transfer function given in Section 2.1 6, the following expiession is obtained 



Vc(s) 
22 88 


ri 2 IS chosen as 1 0 for this conti oiler Fig 5 13 shows the response with the auxiliary 
conliollei based on above algorithm with l?max=0 80 the overshoot and undershoot 
IS less than that of without auxillaiy controllers Fig 5 14 shows the response with 



Figure 5 13 Response of the Auxiliary Controller using d c Gam [Dmax-O 80) 
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the auxiliary controller with *=0.22. The response is better in tins case during 
l«a<i injection. 



Figuic 5 14 Response of the Auxiliary Conti oiler using d c Gain (Dmax=0 22) 


5.5 Effect of Variable Gain Factor rji on Response 
to Load Changes 

In the pievious section the value of 771 has been kept constant at 0 01 In this 
section the effect of changing 771 has been studied The auxiliary controller has been 
disconnected by assuming 772 to be zero The lesponse of fuzzy logic controller can 
be improved by using adjustable gam factor 771 The following two methods are used 
foi adjusting the gam 

• By dual value of gam factor 771 


By Variable gam factor 771 
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5.5.1 Dual Value Gain Factor 

Tlu* rhuniu’l gain far FLC is varied during the load vauatiou. An nici cased value 
of gam j/i IS used only till the fiist zero ciossiug of the enoi lu output voltage 
After this the gain is again set to the initial value so that the system does not entei 
into unstable region. Fig 5.15 shows the response for a variable gain FLC The 
gain 7/1=0 08 for fiist few cycles and then it comes back to its initial value of 0 01 
and Dmax is set to 0 80 This gives a better response than that of with auxiliary 
controller. During load rejection the response is appieciably bettci than that of 
with constant gain FLC 



Figure 5.15 Response of Dual Gam FLC {Dmax—O 80) 

Fig 5 16 shows the response for variable gain FLC with Dmax=0 22 Reducing the 
inaxinium limit Dmax improves the response appreciably 
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Figuie 5 16 Response of Dual Gam FLC {Dmax=0 22) 


5.5.2 Variable Gain Factor 

In Uio i)i('vious method tlic change in the value of the gain was abiupt. The gain 
can be decicascd giadually, so that theic is a smooth variation Wlicncvci tlieie is 
a load change the gain is set to 7;i=0 1 and after every converter cycle the gam is 
1 educed by 0 0005 

Vi = ^1-1 “ 0 0005 

Fig 5 17 shows the response foi dual valued gam with Dmai=0 80 The response is 
nimh bettci than that of tlie constant gam FLC duiing load i ejection and injection 
both Reducing the limit to A;iai i e Djnax=0 22 improves the lesponse while load 
injection as shown m Fig 5 18 



Voltage(V) Voltage(V) 
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Figiue 5 17 Response' ot Vanablc G<un FLC {D,nax—^ 8(J) 



Figure 5 18 Response of Variable Gain FLC ( Anae=U 22) 
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5.6 Conclusions 

In tlu.s clHipter till* peifoiiiianct* of flu* fuzzy logiv h.».s Inni .stutftcti riif 

pfift>iiuniHt* is t’hwked ag«Hnst vuiiatiou in load, line suid ifR’ituico vahu* of tlu* 
voltage. The FLC is able to regulate the output voltage against these <hstui bailees. 
Then the auxiliary contioller is mtroduce<l along with FLC’ in the syslein to dump 
out the ovei shoot and undershoot developed aftei load pet tin bat ions Thiee auxil- 
iary controiieis have been discussed which are given below: 

• Auxiliary controller based on small signal model of the convei ter 

• Auxiliary controller based on simplilied small signal model 

• Auxillaiy controller based on low fiequency d.c gam 

The lesponse with auxillay controllei is coinpaieii to that of with only FLC’ 
It has been seen that the lesponse witli auxillaiy coiitiollei is bettei Auxili.uy 
(ontiollei using the small signal mocU'l givi'.s (he best iespoii.se 

'riie gam of FLC’ (an also he vaiied anti it lesults m a bettei lesponst* Two 
methods aie pioposed loi \,uvmg the gam 

• Dual value gam 

• Vaiiablegam 

The vaiiuble gam method gives bettei lesults tlian the dual valued gam method, 
us tlieie IS no abiupt change ni the gam Liniiting the maximum value of duty cyele 
• e D,„ar aiouml its ojjeiatmg jioiut value impioves the l^•sponse eoiusulei ably 



Chapter 6 


Conclusions 

A detailed analysis of Buck-Boast conveiter and fuzzy logic contiollfi has been 
studied The Buck-Boost converter is analysed accoiding to the following models 

1 State space diffeiential ecjuatiou models 

2 Avciage state space model and ils etunvalent (imut 

3 Small signal nuxlel and tianslei lumtion 

The Bode plots loi the tiansim luiu tu»n aie venhed by the smmlaliun 

The loliowmg types of fuzzy logu lontiolleis have been ihstussetl ut tins thesis . 

1 A .simple Piopoitional Conti ollei 

2 A simple Integial Conti ollei. 

3 liitiegial Control with adjustable weights 

4 API Contiollei with cusp output 

5 A P.I Conti ollei with fuzzy output. 

'Fhe ecjuivalenee of Fuzzy Logie Contiollei (FLC) with a P.I. contiollei is estab- 
lished It tan be eoiu lulled that FL(’ is highly nonhiieai in natuie The values of 
h't Hiid Kj, aie e.ilculated The lesponses of 3 zone and G zone FLC ate compaieil 
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The 5 zone I’LC IS fastei than the 3 zone FLC. As the number of zones inciease, 
the lespoiise becomes bettei, but complexity inci cases Tlie system output voltage 
bchavioiu at a fictiuoncy of 20 kHz is also shown As the value of mductoi and 
capacitoi IS inci cased the i espouse tune also mci eases 

Sclf-Oigamsation is discussed m older to tune the ougmal lesponse to a desued 
response. Two methods aie discussed foi self organisation. Method-2 gives better 
results. It has been shown that it is possible to calculate the constants of lule 
table stnitiiig fiom all zero initial values However, theie aie many sets of constants 
which give iieaily the same response. Therefore, it is possible that the self oiganising 
algorithm docs not reproduce the constants known to give a specified lesponse 
The figuie of merit for any contiollei is its ability to damp out the oscillations i e., 
undeishoot and oveishoot and time taken to settle the output to the set value. The 
fuzzy legulaloi used, is able to regulate the output voltage. In order to reduce the 
oveishoot and undeishoot, auxiliary contiollei is introduced with the FLC which acts 
only dm mg tiansients. It has been seen that the auxillaiy conti oiler using the small 
ftignal model gives the best icsponso to damp out the oveishoot and undeishoot. 
The FLC u.smg dillerent gains, dual and vaiiable, also gives better lesults than the 
constant gam FLC. 

The operator has a prior knowledge of the operating value of duty cycle i.e., 
Do Setting the limits to the maximum value of duty cycle i.e., Dmax around its 
operating point value improves the response considerably with both the auxiliary 
contiollei as well as with the variable gain controller 

6.1 Recommendations for Future Work 

The lollowmg aspesets of this problem can be studied further. 

1. Relationship between the Rule table and the Contiol surface can be studied 
fuithei Pailiculaily, if the constants of the rule table can be calculated to 
appioximate a specified surface. 
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2 itt'Utn.U {()unul<u> toi calculation of equivalent gains for multi-zone FLC can 
he 1 » vest ignt eel. 

3 Self-Otganisation foi the responses from a non-zero initial stage to a given 
opeiatuig point can be studied 

4 Auxilhuy Controllei for line legiilation can be investigated 

5 Operation with variable gam FLC and Auxiliary Controller can be studied 
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